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The purpose of this module is to highlight the roles and objectives of higher education, and to 
discuss aspects of teaching and learning. It provides examples of teaching and examination 
methods, as well as discussions on research supervision, science communication, evaluation of 
courses and curricula, and how to promote educational development. The module addresses 
university/college teachers and scientists teaching animal breeding in developing countries, but 
large parts of the contents are general and useful also for others teaching in higher education 
institutions. There are links [blue] and references to various parts of the Training Resource, 
such as exercises, case studies, discussion questions, module texts, software, CD-ROMs and 
websites, that may be useful in teaching animal breeding. There are also links [burgundy] to 
the internet. 
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1 Capacity building—Role of higher education   
The world is presently going through a period of rapid changes among which the increasing 
globalisation, the high pace of knowledge creation and the use of new information 
technologies are the most apparent ones. This offers great opportunities, but may also result in 
an increasing gap between developed and developing countries, unless capacity building at all 
levels and access to the global knowledge are successfully addressed. Higher education and the 
teachers/researchers involved are facing great challenges that require vision and initiative, and 
also support at governmental and institutional levels. 
1.1 Role of higher education in developing countries highlighted in World Bank report 
Higher Education, including research, has fundamental importance for capacity building and 
development, not least in developing countries. A report, ‘Higher Education in Developing 
Countries: Peril and Promise’ was published in March 2000 by the World Bank (for website 
see [Section 14.1 of this Module]). The report highlights the role of higher education in 
supporting and enhancing the process of economic and social development. Higher education 
promotes income growth and poverty alleviation; it contributes to labour productivity and 
entrepreneurial energy; it strengthens civil society, and it promotes democratic governance. 
Increasing globalisation, information revolution and rapid expansion of new knowledge further 
emphasise the importance of effective higher education. 
The World Bank report emphasises that, in spite of their role, the higher education institutions 
in many developing countries are chronically under-funded, and must still meet the needs of 
increasing numbers of students. Faculty may lack motivation as they are usually poorly 
rewarded. Absence of a vision about the nature and magnitude of the potential of higher 
education to development is one major obstacle. Other obstacles are lack of political and 
financial commitment, as well as low critical mass of teachers and scholars, and losses of 
highly demanded faculty and bright scholars to rich countries. Higher education institutions in 
many developing countries are also experiencing the impacts of HIV/AIDS. See for example, 
‘Challenging the Challenger’ (Kelly 2001), for website see [Section 14.1 of this Module].  
Recommendations to overcome the obstacles in developing countries focus on the needs both 
for increased resources in higher education and for more effective use of existing resources, 
such as physical and human capital. It is urgent to:  
· satisfy the need for good quality higher education 
· improve management of higher education 
· improve educational infrastructure, including access to new information technologies 
· implement new curricula and academic programmes, and improve the teaching methods 
· recruit, retain, motivate and offer long-term development of well trained faculty 
· conduct more and better science education and research, both basic and applied. 
1.2 Animal genetic resources often given too little emphasis  
Conservation and sustainable use of animal genetic resources in developing countries is an 
example of an area where teaching and research is given too little emphasis worldwide, or is 
even neglected. This results in low awareness of the needs to develop animal breeding 
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programmes for various conditions and environments in order to reduce losses of animal 
genetic diversity, and of the need to improve production per animal to meet the increasing 
demands for food from livestock and poultry. Animal genetics, with special emphasis on 
breeding programmes and animal genetic resources, needs to be given increased attention in 
university curricula and in research. Moreover, the teaching methods need attention; animal 
genetics is a topic that students quite often experience as theoretical and difficult to understand. 
It is a challenging task to find the best approaches to facilitate students understanding of the 
topic. 
2 Link research and teaching in higher education 
Ideally, teaching and research should always be linked to each other in higher education. This 
is often the case, but there are also many universities, especially in developing countries, where 
teachers have limited opportunities for research as the research is usually done at research 
institutes, where the scientists might not be involved in teaching. 
Insufficient links between teaching and research may not only reduce the level and quality of 
higher education, but may also hamper recruitment of new scientists and reduce the 
understanding and support for research and capacity building in society. It is, therefore, 
important to provide opportunities for university/college teachers to be active both in teaching 
and in research, and to involve scientists at research institutes in teaching and supervision of 
students.  
The ideal process of capacity 
building, with links between 
universities and research institutes, 
and with the agricultural sector is 
shown in Figure 1. Universities are 
national engines for capacity 
building. Their output is people 
trained for qualified jobs, as well as 
research results for application. The 
latter is the role also of research 
institutes, but their contribution is 
enhanced when their scientists 
participate in university teaching. 
For best use of existing resources, 
universities should also be 
significant partners in national 
research programmes, especially when financial resources and access to qualified teachers and 
scientists is highly limited. That would also benefit quality of higher education, and make good 
use of students as a resource in research through BSc, MSc and PhD thesis and dissertation 
works. 
For research results to be implemented, it is necessary for researchers to have good 
communication with those who can make use of the results. Such communication will also 
help focus research on essential problems; it facilitates use of field data in research (such as 
data from livestock recording), and it may give opportunities for students to get a better 
understanding of how they can contribute to agricultural development in their country.  
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 Figure 1.  The ideal process of capacity building. 
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3 Objectives of Higher Education — a challenge to fulfil 
University education is directed by distinct objectives. Students in science, for example, should 
acquire:  
· knowledge and skills based on the forefront of science in the subject areas of their studies  
· capability to identify, formulate and handle scientifically complex problems, as well as to 
critically evaluate information and to formulate possible solutions 
· skills to search for, explore and evaluate, and communicate knowledge at theoretical as 
well as applied scientific levels and 
· ability to co-operate and to develop management/professional skills.  
Fulfilling these objectives in university education is a great challenge and imposes specific 
demands, not only on scientific content but also on teachers and teaching methods. Teaching 
must stimulate students to learn, to seek information and to critically synthesise information 
and knowledge and also offer possibilities for applying their acquired skills. This means that a 
variety of teaching methods will need to be applied. 
Defining objectives for the whole educational programme and for each individual course is 
essential and the objectives given should be used actively by teachers, as well as by students. 
The objectives should not only focus on subject knowledge, but also on the skills to be 
acquired. Students must become aware of what they need to learn to succeed, and teachers 
should reflect upon what and how to teach to best stimulate the learning process, and how to 
evaluate it. It is essential to evaluate how well the objectives have been fulfilled.  
When discussing objectives in university 
education, it is necessary to keep in mind 
the rapid growth of new knowledge (see 
Figure 2). A student completing a 
university degree within a subject area 
will have gained a certain amount of 
knowledge, but this will only be a 
fraction of the total knowledge available 
at that time. Quite soon the former 
student will start forgetting parts of the 
knowledge acquired, and at the same time 
new knowledge will become available. A 
knowledge gap arises, a gap that will 
increase rapidly if not counteracted.  
The knowledge mass in science and 
technology is doubled every 10 years! All individuals with a degree from higher education will 
need to keep their knowledge up-to-date. This will, to a large extent, be through self-learning. 
University curricula, therefore, must be designed to provide students with tools for life-long 
learning, i.e. learn how to learn and gather knowledge. Training in using information and 
communication technologies is essential. Moreover, higher education institutions need to offer 
opportunities for continuing education. Such education will often need to be given as distance 
education, where new technology-based tools will play an important role. 
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Figure 2. Life–long learning is essential. 
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4 Aspects on teaching and learning  
Teaching is not effective unless it results in learning. As teachers, we must always think of 
what our students need to learn, and what changes in their understanding we hope will occur. 
Some basics in teaching for learning are illustrated in Figure 3.  
First of all a safe learning climate is 
needed. Students must feel 
comfortable, and so must the teachers. 
Both parties must also feel motivated 
- students to learn, and teachers to 
facilitate student learning. Clear 
objectives are also important.   
Quite often, teaching consists of answering questions that students have never raised, not even 
in their thoughts. Doing it the other way around will be more effective; making students 
curious and stimulated to think about what they want to get an answer to will motivate them to 
search and receive information. Information, however, will not necessarily result in student 
knowledge. For that to happen, students need to reflect upon and process the new information, 
as well as to integrate it with their previous knowledge and frames of reference. They also need 
to put it into a larger context, see how it fits into the whole. It's like doing a puzzle; having 
seen a snapshot of the whole facilitates putting the pieces in place and stimulates the search for 
additional pieces to insert. Thus, in teaching, it is important to place a new subject matter in a 
holistic perspective before splitting the content into pieces, and to relate the subject matter to 
the students' background and experience. 
In teaching animal breeding, for example, it seems wise to start with the importance of 
livestock and animal genetic diversity, and the need for sustainable breeding programmes for 
livestock improvement. Thereafter, the main components of a sustainable breeding programme 
could be discussed before going in detail into the basics, such as various types of inheritance, 
genetic relationships, heritability, methods for genetic evaluation, selection principles, models 
for cross-breeding etc. When dealing with these basics, it is also important to connect to the 
breeding programmes, and later, when the details are in place, to discuss alternative breeding 
programmes in more detail, as well as their impact in short- and long-term perspectives.  
As a teacher, do your best to find out what your students know about a topic before starting to 
teach it, and remember that discussions with students and diagnostic tests might be helpful. 
Also make sure to arrange situations in teaching where students discuss, process and apply the 
information provided. The case studies, discussion questions and exercises available in the 
Animal Genetics Training Resource (CD-ROM) can be useful for this purpose. It is important 
that theory and application are closely linked, also in time. 
Educational research has shown that a good university teacher has: 
· subject knowledge and enthusiasm to share it 
· ability to structure the topic and relate it to students' background and experience  
· commitment and ability to stimulate student learning and development of skills 
· social competence and good contact with students and 
· a personal philosophy on learning and teaching.  
Teachers who regularly check student understanding and improvements and also give frequent 
positive feedback have the best impact on student learning. 
Figure 3. Some basics in teaching for 
T e a c h i n g  f o r  L e a r n i n g
S a f e
l e a r n i n g
c l i m a t e
M o t i -
v a t i o n
I n f o r -
m a t i o n
P r o c e s s i n g
a n d
I n t e g r a t i o n
K n o w l e d g e
a n d  
sk i l l s
 
 
6 
5 Teaching methods 
For the objectives of higher education to be 
fulfilled, it is important to put emphasis not only 
on scientific content but also on the teaching 
methods (Figure 4). Employers of university 
graduates do not ask just for subject knowledge; 
they also ask for ability to search for 
information, to critically analyse and make 
syntheses, to deal with new situations, to manage 
projects and problem solving, to co-operate, to 
communicate information and knowledge, and to 
have a global perspective. 
There is a pool of teaching methods and 
activities to choose from, such as: lectures, 
exercises/labs, assignments, computer labs and 
use of information technology, group work, cross-group discussions, practice and study visits, 
role play, seminars and tutorials, problem-based learning, case-studies, projects, research 
supervision, as well as individual study. Training in writing and presentation is also an 
essential part of university education. Furthermore, various examination forms, which 
influence student learning, can be used.  
Using a variety of teaching methods in university programmes and courses is often a good way 
to encourage students to seek and gain knowledge and skills, and to deal with the fact that 
different students have different learning styles. The focus should be on student learning, 
understanding and development of skills. Overloading students with information, leaving them 
no time to think about, integrate and work with the content, is not an effective way of teaching. 
It is essential to use teaching methods that stimulate student activity and participation and 
make them feel responsible! Methods that involve students in actively finding knowledge, and 
in interpreting and communicating results must be included. Students should also be regarded 
as a resource in teaching and research. In the following sub-sections some teaching methods 
will be discussed briefly. 
5.1 Lectures  
The lecture is one of the oldest and, maybe still, the most widely used teaching method. A 
committed, inspirational lecture can be effective for structuring, linking and transferring 
information, and for generating interest in a topic. However, lecturing should not be the only 
teaching method used in a course. Lectures seldom leave enough opportunities for students to 
digest, integrate and deal with the information provided. Sometimes, a lecture is merely a 
process where the lecturer's notes become the notes of the student. If so, it might be more 
effective for the teacher to just provide the written notes, or leave students with a textbook if 
that is available! 
Figure 4. Ineffective versus effective 
teaching. 
 
Give man a fish 
- and he/she will be 
   fed for a day 
Teach man 
to fish 
- and he/she will 
   be fed for life 
The teaching methods are important 
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Giving a good lecture is an intellectual and emotional challenge that should be worth real 
effort. Some essentials of a good lecture, and the tools to achieve them are illustrated in Figure 
5. 
Do your best to make the topic understandable and alive for students and keep in mind that 
your main task is not just to give information, but also to motivate and facilitate their learning. 
Make sure that wha t you say is heard and what you project on the screen can be seen from the 
last row of seats in the lecture room. If you are not certain of the font size needed in visuals, 
make a few test examples and go to the lecture room and have a look at them from the last row. 
A general recommendation is to use a minimum font size of 22–24 points, but preferably 
larger. 
The benefit of a lecture is enhanced if the students are involved during the lecture. Leaving 
time for questions and discussion is one way to achieve this. One method to stimulate activity 
is using buzz-group discussions. You make a short break in your lecturing and ask the students 
to take a few minutes to discuss or analyse an issue using the content of the lecture, or ask 
them to compare their notes. The students may do this two by two, where they are seated in the 
lecture room. This usually causes intense student activity and should improve their 
understanding of the topic. A buzz-group discussion is usually followed by a short class 
discussion. Several buzz-group discussions can be included in a lecture. Another option to 
stimulate questions and discussion is to start a lecture by giving a short summary of the 
previous lecture in the same area, and then give the students an opportunity to ask questions on 
things they have not understood. 
Note taking during a lecture is another form of student activity that should be encouraged. It 
increases students' attention, and gives them something to go back to afterwards. As a lecturer, 
think of how you can facilitate for students to make good notes. Start your lecture by giving the 
skeletal outline and some signposts for the content, make clear transitions and links as you 
move along in the lecture, make frequent summaries and highlights of essentials, and give  
students some possibility to reflect upon the information given. Visuals are useful in a lecture, 
but presenting lots of information through transparencies, slide or electronic presentations at 
Figure 5. Essentials of a good lecture. 
Essentials of a lecture
Adapt to students’ frames of reference
Be committed and engaged - eye contact
Give skeletal outline & signposts
Structure the topic & explain
Exemplify & emphasise key points
Illustrate (use audio-visual aids)
Summarize 
Link to reality & practice
Involve students!!
Provide information Facilitate learningGenerate interest
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Figure 6. Illustration of how groups are formed in the 
 two parts of a cross-group discussion. 
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high pace will make it impossible for students to take effective notes; it may just cause 
frustration. If you choose to build your lecture on visuals, it will be more effective to provide 
paper copies of those to the students. This will then form a "skeletal" handout in which 
students can make additional notes. Computer programs for production of visuals, PowerPoint, 
for example, offer opportunities to print several visuals in each page; if you know that you will 
talk a lot in connection with one visual, you can add a blank "visual" to give more space for 
students to make notes. 
5.2 Group work and discussions 
Group work, which can be applied in many different situations in teaching, is useful for 
developing the students’: 
· communication and discussion skills 
· co-operative ability 
· self-confidence 
· responsibility for learning. 
Within a small group, students are more likely to direct questions on things they have not 
understood to other students rather than asking the teacher. This means that students working 
in a group need to explain things and teach each other. This is an important aspect of group 
work; teaching and explaining to others are often considered to be the best methods for 
learning. The teacher has the role of a supervisor or tutor; a person who encourages and 
supports students and the group process, and provides he lp when needed. It is important that 
the tutor does not dominate the discussions. Students often learn more from each other than 
they do directly from the teacher! 
A group activity that is very useful for checking and improving learning and understanding is 
the cross-group discussion. For example, this can be used to summarise a section that has been 
taught recently in the course, and for other purposes too. The principle behind this teaching 
method is illustrated in Figure 5.  
Students sit down group-wise (in 
one or, if possible, several rooms) 
and are provided with a set of 
questions, each one fairly extensive. 
Every group discusses one of the 
questions (group1–question1, 
group2–question 2 etc) and all 
students in the group take part 
jointly in the discussion and make 
notes of the answers. Tutor(s) 
circulate to give supervision. They 
also do a brief check of the answers 
of each group by reading the notes; 
this is important to do before the 
groups are split. 
After about one hour, groups are 
split and cross-groups are formed. 
This is done in such a way that the full set of questions will be covered in each cross-group. 
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Students now start teaching one another and the tutor(s) help to clarify issues, but only when 
needed.  
Cross-group discussion is an activity that can be done at low cost and that is also highly 
valued by students. It is an efficient exercise; every single student needs to be active. Some 
examples of [questions for cross-group discussions] used in an animal breeding course are 
presented in the Exercises resource.  
Buzz-group discussions as a tool to activate students during a lecture were mentioned in the 
previous section. Another form of discussion that can be beneficial to include in a course is 
plenary or class discussions. Such discussions can be either student or teacher led. They can 
also include external participants, such as collaborating researchers, teacher colleagues, 
extension specialists, farmers, representatives from NGOs or industry, as well as consumers;  
whose contributions can add to broadened perspectives. Students might need some 
stimulation to take part actively in plenary discussions; the teacher might, for example, ask 
them in advance to prepare questions for the discussion. Seating is also important; sitting in u-
form or in a half-circle is usually beneficial. Furthermore, it is essential that the main issues of 
the plenary discussion are structured and summarised by the chairperson, and that the 
discussion climate is open and friendly, making students feel confident to take an active part 
in the discussion. 
5.3  Exercises, assignments and labs 
Practical work has a critical role in science education. Different types of exercises and 
assignments can be used to help students get a better understanding of concepts and methods 
covered in a course. Exercises/assignments can be scheduled and supervised, or given as 
homework, or even be optional. The type of exercises needed varies, of course, with the 
topics taught.  Being a teacher in animal breeding, you might find it useful to use numerical 
examples dealing with estimation of gene frequencies, heritability, breeding values and 
genetic progress. Some [Manual Exercises] for use in animal breeding courses are available in 
“Exercises” in the Animal Genetics Training Resource (CD-ROM). 
Laboratory teaching is valuable for training manual and observational skills in subjects like 
chemistry, physiology and molecular genetics. It can also be helpful for developing 
understanding, assuming the lab practicals are not just carried out according to a "cook book" 
recipe. Lab work can be time consuming and expensive, so it is important to get the most out 
of it. Written instructions must contain the objectives of the experiment, clear instructions for 
the lab work, as well as some questions on the experiment or its implications. 
5.4 Computer labs  
Computers, software and other information technologies provide 
powerful teaching and learning tools in higher education and are 
efficient in activating students. The computer technologies are also 
important in providing students with tools for life- long learning.  
Limited access to computers, software and the Internet can be a constraint 
in using a full range of computer labs at present, but teachers should use such tools when 
possible. Building infrastructure to improve access to the Internet will probably be given high 
priority in many countries, so the situation may change in the near future. Important 
information and databases can also be made available in CD-ROM. The Animal Genetics 
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Training Resource (CD-ROM), where you found this text, is an example of such a 
computerised tool!   
Computer software and of use CD-ROM require access to computers, but does not rely on 
Internet access. Computer software can be used in teaching and research for a large number of 
purposes, such as handling of large amounts of data, calculations, statistical analyses, as well 
as simulations. Other valuable tools are software for word-processing and presentation. 
CD-ROM and Internet are computerised tools that can be very beneficial in higher education. 
Through these media students can get access to huge amounts of information, and also quite a 
lot of free software. The options for quick and easy information searching stimulate student 
activity and curiosity. When a university has access to computers and the Internet, teachers 
and students might communicate through electronic mail, course home pages and virtual 
discussion groups. The Internet and CD-ROM are also effective tools in distance education. 
Information on a specific topic can be searched on the Internet by using some of the search 
engines available, such as Yahoo, AltaVista, Google, HotBot, Infoseek, or by using a search 
tool that combines a number of search engines, e.g. Ixquick  (for web-addresses, see [Section 
14.3] of this Module). A search on the words animal+breeding+software, for example, results 
in a number of hits.  
The use of information technology in higher education might influence teachers’ role. 
Students can find information themselves to a larger extent than before, but need the teacher 
as a supervisor and coach in this learning process. The major part of the information found in 
the Internet has not been peer reviewed before entry; it is, therefore, important in teaching to 
discuss quality and validation of such info rmation.  
5.4.1  Examples of computer software useful in teaching animal breeding  
— for web-addresses, see [Section 14.1] of this module. 
There are software packages for use in teaching animal breeding that can be downloaded free 
from the Internet. One example is GENUP (by B. Kinghorn) designed to help students master 
concepts in quantitative genetics and its application in animal breeding. The approach is 
largely algorithm-based, meaning that students are given opportunities to play with the 
properties of the subject. Other examples are PEDIGREE VIEWER (by B. & S. Kinghorn) to 
display pedigree structures and calculate inbreeding coefficients, and SIMUL8 (by J. 
Felsenstein et al.) to demonstrate evolutionary forces and changes in gene frequencies. 
Software useful for statistical and/or genetic analyses in various types of research projects can 
also be downloaded free of charge from the Internet. Some examples are: 
· R   Statistical package written in S-language—can be used for many purposes, also for 
mixed models and estimation of variance components and up-dated continuously from the 
Internet. 
· DFREML (by K. Meyer)—used for estimation of breeding values and variance/covariance 
components. 
· VCE and PEST (by E. Groeneveld)—used for estimation of variance/covariance 
components and breeding values.  
· CBE (by J. Wolf)—used for estimation of crossbreeding effects in a variety of data 
structures. 
Useful interactive computer–assisted learning (CAL) programs are available on CD-ROM for 
purchase. One example is a tutorial in animal breeding (Roden et al. 2001) that is marketed by 
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CLUES (Centre for Computer–Based Animal Breeding Learning in Land Use and 
Environmental Sciences). This tutorial includes modules on inbreeding, heritability and 
selection. By using such a package students can explore a topic at their own pace. The 
package helps students to get an introduction to basic concepts and their meaning, and there 
are a large number of interactive exercises, as well as self- tests, included. The modules also 
contain links to GENUP. 
Programs such as Microsoft Excel can be used in various types of calculations and for 
production of graphs. Excel can also handle matrix operations in small data sets and can 
therefore be helpful in numerical exercises dealing with matrices. A brief [instruction for 
using Excel] is provided under “Other resources” in the Animal Genetics Training Resource 
(CD-ROM). 
Two examples of using Excel in computer exercises, in animal breeding courses are available 
under “Exercises” in the Animal Genetics Training Resource (CD-ROM): 
· [Prediction of breeding values]. In this exercise students are presented some situations for 
prediction of breeding values; they are asked to set up the BLUP equations in matrix form 
and to solve those by using Excel.  
· [Optimisation of breeding plans]. This is an exercise where Excel has been used to pre-
produce a sheet where different parameters and other numerical information can be entered 
in order to calculate the genetic gain achieved for a given situation in dairy cattle breeding. 
Students can, for example, study what the effect on the expected genetic gain will be if 
they change population size, heritability, percent selected animals, testing method and 
amount of information in breeding value estimation etc.    
5.4.2  Examples of useful databases in teaching animal breeding  
— for web-addresses, see [Section 14.2] of this module. 
There are several databases in the Internet that can be useful in teaching animal breeding 
(those available also in CD-ROM are indicated by *). Some examples are given below:   
· FAO  (Food and Agriculture Organization)*.   
From this website, lots of information can be retrieved, such as Statistical databases with 
agriculture data (including livestock data), software, publications and various types of 
news and links within the area of agriculture. 
· DAD-IS  (Domestic Animal Diversity Information System)*  
· LEAD  (Livestock and Environment Toolbox)* 
· ILRI  (International Livestock Research Institute)* 
· DAGRIS  (Domestic Animal Genetic Resources Information System)  
· Breeds of Livestock (Oklahoma State University) 
· OMIA  (Inherited disorders in animals) 
· OMIM  (Inherited disorders in man) 
· OCOA  (Cytogenetics of animals) 
· Informatics  (Mammalian homologies and comparative maps) 
· ArkDB  (Animal genome database). 
· Anubis  (Animal genome maps).  
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Figure 7. Some steps in problem based learning. 
5.5 Problem Based Learning and the Case Method  
Using problems or cases from real life in your teaching can be very effective in motivating 
students and in enhancing their learning and development of skills. Problem Based Learning 
(PBL) and the Case Method (CM) are two methods used quite frequently, but also other 
alternatives of problem-oriented teaching exist. In this type of teaching, students are usually 
presented a situation, a case or a problem as a starting point. From that they search for the 
information and knowledge needed to explain background and context, or to identify and 
analyse factors and causes of importance, and to suggest solutions when applicable. The [Case 
Studies] available in the Animal Genetics Training Resource (CD-ROM) can be useful in 
CM. 
CM is used both in small and large groups of students, while PBL is generally not used in 
groups with more than 7–10 students. In CM a teacher usually facilitates the discussions, 
whereas students take the lead in PBL meetings, and the teacher acts as a tutor to support the 
group process. 
PBL is based on a series of steps that each group of students follows (Figure 7). The first step 
is for the students to do brainstorming and thereafter decide what they need to learn to deal 
with a situa tion/problem and to fulfil, that part of the course objectives. The next step is to 
search for the needed information from 
different sources, such as the Animal 
Genetics Training Resource (CD-
ROM), the library, reference people, 
lectures, exercises, and study visits 
and, where possible, from the Internet. 
Each group of students summarises its 
findings and conclusions. The way of 
reporting can vary. Reports might be 
done in writing, orally (e.g. in cross-
groups) or as posters.  
The subject knowledge gained by 
students is considered to be about the 
same for PBL/CM as for traditional 
teaching methods, but it seems that 
critical and creative thinking and skills 
in problem solving are better 
developed when PBL/CM are used. 
Students learn how to use and integrate 
knowledge from different sources, and 
they “learn how to learn” effectively. Furthermore, they practice working with others. The 
outcome of these teaching methods, however, largely depends on the suitability of the 
problems and cases presented.  
5.6 Field work, internships and field visits   
Contacts with farmers, extension specialists and industry will add much to the relevance of an 
education programme. Students need to get professional identity, and it is essential that they 
experience and become familiar with problems and conditions in practice. That will help to 
put theories into a context, to see practical application of knowledge, and to integrate 
knowledge from different disciplines; this increases student understanding and motivation. 
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Field experience gives students frames of reference, and will awaken questions in their minds 
that promote active learning; it also helps them to become acquainted with, and to appreciate, 
indigenous knowledge.  
Field experiences can be achieved in different ways, through study visits and excursions, field 
projects or through an internship period. Students in animal science/animal breeding can learn 
a lot from visits/projects/internship at various types of livestock farms, national parks, AI 
stations, livestock and breeding organisations, education and research institutions, feed 
industries, abattoirs, dairy plants, extension services etc. Livestock experimental herds may 
also offer good opportunities for practical exercises, for projects, and for MSc thesis research. 
Funding might be a major constraint, especially for study visits, which usually require travel. 
Considering the value of field experiences, it is worth trying hard to make these visits 
possible. When it comes to projects and internships it is important to emphasise that here 
university students can be a resource to people in the livestock industry.  
It is important to set clear goals to maximise the outcomes from field experiences. Students 
should always be informed or asked to reflect upon what they should observe, analyse, 
document and learn from these activities; and also to produce some kind of report.  
5.7 Projects, literature reviews and research tasks  
Training students in performing projects, literature reviews and research tasks is vital; such 
activities are our best tools to help fulfil, the objectives of higher education! They give 
students supervised experience of how to: 
· formulate and analyse problems, explore an area deeply, and draw conclusions 
· apply and integrate knowledge acquired during the education, and search and evaluate any 
further information needed 
· do research in the form of experiments, field studies etc (e.g. for the BSc and MSc degree 
projects) 
· train scientific and popular science writing, as well as oral and poster presentations  
· get contacts with scientists and/or representatives from the farming community, extension 
service or the industry and 
· raise curiosity, get motivation and develop ability for life- long learning.    
Projects, literature reviews and research tasks can be performed in groups or individually. In 
both cases, it should be under supervision. The BSc/MSc degree projects give students a real 
opportunity to go in-depth into an area of their own interest, and to apply and display their 
knowledge and skills. These projects usually include a research task to be performed and 
reported individually by the student. The supervisor plays an important role in giving 
guidance, but without telling too much what to do. Examples of free software for statistical 
and genetic analyses of research data were given in [sub-section 5.4.1] of this module.  
Minor projects and literature reviews should be included as parts of most courses. These 
projects can be performed in small groups so that students train to co-operate in solving a 
task. Specific literature reviews, on the other hand, might be better to do individually, thereby 
making it possible for a student to select a topic of own interest and to train in writing and 
presenting.  
A minor project in animal breeding could be, for example, to let students (in groups) work 
with the various components of a breeding programme continuously during a course. They 
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can be given a data set with phenotypic and pedigree information from a model population of 
animals and, thereafter, use computers to estimate genetic parameters, economic weights of 
different traits, breeding values and their accuracy, genetic progress, farm revenue and profits 
etc. Doing each step in direct connection with the teaching provided gives the students 
motivation to learn and adds to their understanding of the subject. Such a project can be done 
at hardly any additional cost, assuming computers are available.    
To link together different parts of an Animal Science education, a project task could be to 
make a plan for a village of smallholder farmers to produce milk, meat, eggs and other 
commodities, both for own consumption and sale at the farm gate, as well as to dairy 
cooperatives, butcheries etc. Students should consider, from the farmers´ point of view, all 
important aspects of the chosen production, such as species and breeds to use, herd size, 
climate of seasons, available farm labour, management systems, feed stuffs, feed production, 
manure handling, breeding programmes, recruitment of breeding stock, production and health 
control programmes etc. Simple calculations of economic revenues can also be included. The 
production system should be sustainable and include considerations for environmental health. 
Different groups of students might focus on different types of production, and each may 
group present its results both in writing and orally, or as a poster. The value of the project will 
be enhanced if some representatives from the livestock industry or extension service are 
present at the oral/poster presentations. 
Most of the [Case Studies] available in the Animal Genetics Training Resource (CD-ROM) 
identify knowledge gaps. Such gaps could be used as starting points for various projects in 
teaching. 
Literature searches for literature reviews can be done manually in libraries, or more 
efficiently, by use of computers. The latter requires access to bibliographic databases. These 
are available in many libraries, but not everywhere. Some bibliographic databases that provide 
free literature searching, e.g. Ingenta, AGRICOLA and AGRIS (for web-addresses, see 
[Section 14.2] of this module) are also available on the Internet. 
References for literature reviews can be found in the [Library] of the Animal Genetics 
Training Resource (CD-ROM), where some full papers are included. 
5.8 Self studies 
Reading textbooks, compendia, scientific papers, reports and other types of literature is 
important in the learning process. Unfortunately, lack of literature is a constraint in many 
universities; not only because modern textbooks are often not available in the libraries, but 
also because students cannot afford to buy them. 
Literature available in the Animal Genetics Training Resource (CD-ROM) can be useful in 
courses. Examples are the module texts, case studies, full papers, and compendia. Several 
universities present course contents, and sometimes also lecture notes/slides, in animal 
breeding on the Internet [see resources Web links-Courses and Lecture notes]. To explore the 
home page of a specific university, use to the website “Universities Worldwide” [Section 14.4 
of this module]. 
A full set of animal breeding course notes in French is provided free of charge on the website 
of the network GENET [http://www.univ-tours.fr/GENET/genet01.htm]. This literature can be 
downloaded for printing. 
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6 Examination methods influence learning 
Examination is an important part of higher 
education. The examination methods and 
questions have a large impact on how and when 
students study and what they learn. Examination 
should not only be used as a control that a student 
is qualified, but also as an educational tool to 
influence the learning process (Figure 8). If the 
assessment is mainly for factual knowledge, the 
students will primarily learn, memorise and recall 
facts and details. Such tests may have a high 
reliability, i.e. are easy to grade, but the validity 
might be low. For measuring that the aims and 
objectives of higher education have been fulfilled, 
assessments need to also cover tests of understanding (such as ability to interpret, exemplify, 
summarise, compare and explain), as well as ability to apply, analyse, evaluate and 
synthesise. Assessment of skills, such as ability to communicate, should also be included. 
Knowing that all these will be examined, student s will extend their learning and gain useful 
and enduring knowledge and skills.   
Students should be given the opportunity to learn from the examination, and realise what an 
answer should have covered. Furthermore, the students’ answers are of value for the teacher 
to reveal what has been difficult for students to understand or to apply, and thus identify 
modifications needed in the teaching. 
6.1 Examples of examination methods 
Various forms of examination and assessment including the following can be used:  
· Written exams, including short-answer and essay questions 
Short-answer questions are usually easy to judge and grade, but mainly test how students 
recall specific facts. In subjects involving quantitative manipulations, it is suggested to 
include numeric tasks for the students to elaborate on, as well as some questions on 
explaining the meaning of concepts and the results in words. It is also recommended to 
include essay questions in the written examination; those will give a better assessment of 
how students have understood a subject and their ability to apply their knowledge and do 
analysis, comparison, evaluation and synthesis. The grading of the essay questions could 
also include how students outline and express their answers in writing. 
In order to make students learn from the assessment, one option can be to give them 10 
exam questions, for example, and ask them to answer 7 of those during the examination 
(different students can make different choices). Each student is also asked to deliver 
answers to the 3 questions omitted, but then as a take-home exam.  
· Open-book and take-home exams 
In an open-book exam, students are allowed to use their textbooks and possibly also other 
materials during the examination session (commonly used in Biometry). In a take-home 
Examination methods & questions
influence
how students learn
Facts
Details
Under-
standing
Application
Analysis
Evaluation
Synthesis
Figure 8. The learning process is 
influenced by the type of examination. 
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exam, the tasks or questions might be distributed to students in the morning, and at the 
end of the following day, they deliver a written short report that should be judged and 
commented upon by the teacher(s). These two forms of examination are usually highly 
appreciated by the students, and can be helpful to test student understanding and ability to 
apply knowledge, as well as to select and synthesise relevant information.  
·  Multiple-choice tests 
In multiple-choice tests, the students select the answer from several alternative answers 
(usually 4–5) for each question. These types of tests mainly focus on detailed knowledge 
and are not very effective at measuring and stimulating learning for understanding, 
analysis, synthesis and application of knowledge. The tests are easy to judge and grade, 
but to construct good multiple-choice questions with realistic alternatives is difficult and 
time-consuming. Multiple-choice tests might be found useful for examination in very 
large groups of students, or as a guiding quiz in continuous assessment. They should, 
however, always be combined with other examination methods.   
Multiple-choice tests could be used early in a course if, for example, the students are 
asked to read some simple texts to get an overview of the subject area before going into 
the individual parts. Knowing that there will be a test might motivate them to read, and the 
teacher can quickly check their answers. 
· Computer-based assessment 
Computer tests can be based on multiple-choice questions, but might also involve more 
interactive events where students are presented a case or a problem to elaborate on at the 
screen. An advantage of computer tests is that students get an immediate feedback on their 
answers; the tests can also be used for continuous self-assessment. 
· Teacher-assisted self-assessment  
This method is based on a traditional written examination, but with the specific purpose to 
make students reflect upon and learn from the examination. The teacher collects the 
students’ answers and makes a copy of it all. The copies of the answers are given to the 
students and they are also provided with a coloured pencil. The teacher and the full group 
of students discuss each question and the possible answer(s), and also how those should be 
graded. The students are asked to use the colour pencil to correct and add to their own 
answers, as well as to grade those. The teacher thereafter collects the exams to check and 
adjust the grading. An alternative to discussing the exam in class can be to let the students 
take the copies of their answers and find out themselves what the correct answer should be, 
and then make the coloured corrections.  
Another option could be to do traditional written examination and collect the students’ 
answers as usual, and then make a second assessment on the same content a few days later, 
using more comprehensive questions. In this second examination, the students can be 
formed into groups of about 3 students per group, and each group is asked to discuss the 
questions and to deliver answers in written. By doing the second assessment, the students’ 
knowledge will be better retained. If detailed grading is required, this could be based on 
the individual examination; participating in the group assessment can still be compulsory. 
Another option could be to do the group assessment first, and do the individual, graded 
assessment some days later. Including a cross-group discussion in close connection with 
the written individual examination is yet another option. 
· Oral examination 
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Oral examination can be very useful to test the students’ knowledge and understanding of a 
topic as well as their ability for application, analysis, integration and synthesis. The direct 
feedback in oral examination provides good opportunities for students to learn from the 
examination, and for the teacher to realise what problems students are facing in grasping 
the topic. It is also a good training for students to express themselves orally, without 
extended time to think about the answer. Such situations will often be common later in 
their professional careers.  
Oral examinations can be done in groups and still grade each student individually. 
Performing an oral examination in a group of 3–4 students (during 1–1.5 hours) can have 
several advantages; it is less time-consuming than examining all students one by one, and 
the discussion within the group can be very fruitful to reduce anxiety. It might be wise to 
have two teachers per group of students in these examinations, especially if many groups 
are examined in a day. A comprehensive question/problem/case might be used as a starting 
point.  
When examination is done in groups, it is recommended that teachers do not direct their 
questions to a specific student; directing the questions will hamper the discussion and 
increase anxiety. It is better to tell the students that they must all take an active part in 
answering and discussing to pass the examination, and only to direct questions if a student 
is too quiet. An experienced teacher can quite easily grade the students into the categories 
fail and pass, and usually also pass with distinction; it might be difficult, though, to do a 
very detailed grading.  
· Report writing and oral or poster presentations of tasks performed 
Parts, or all of the assessment of students might consist of reporting of projects, practicals 
(field and lab), literature studies or problems/cases dealt with during a course. Training and 
examining students on their ability to perform tasks and apply knowledge to unfamiliar 
situations, as well as to write and present the outcomes is important, and will also test their 
capacity for application, analysis, synthesis etc. Projects are often performed as group work 
and, therefore, also a test of students’ ability to co-operate, although some individual 
testing might be needed in addition to the examination.  
· Learning portfolio 
Students can be asked to continuously document (e.g. weekly) what new things they have 
learnt, as well as thoughts they might have concerning these issues, and how their new 
knowledge can be applied. This makes students reflect upon their new knowledge, and to 
find out what they have not fully understood. The new knowledge will then also be better 
retained. The procedure might best fit MSc students. 
6.2 Use a variety of assessment methods 
So, what examination methods should we choose? The best answer is probably: use a variety 
of assessment methods, if possible within each course, but at least within the education 
programme! Diversifying the assessment is usually beneficial, both to offer the students 
opportunities to display their full knowledge and skills in the area(s) studied, to extend their 
learning and to prepare them for their professional careers. Testing students for detailed, 
factual knowledge alone will not achieve this. Remember that the assessment methods should 
be related to the aims and objectives of the course and of the education programme. 
As examination has such an impact on student learning, it will be essential to do continuous 
assessment during a course. If examination is only at the end of the course, most students will 
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postpone their studying until the end. This is not good. Knowledge obtained in a short period 
is usually not well retained; furthermore, it will not be applied during the course! Continuous 
assessment can be done through the types of examination discussed above, but also by 
including compulsory activities that require studying throughout the course; for example, 
assignments, cross-group discussions, case studies and problem–based learning activities, or 
study questions covering a wide range of the course content. Such activities are vital to help 
students check on their understanding and to identify their knowledge gaps. When grading is 
required, the results from formal continuous assessment should count in the final exam, either 
fully or with a weight of 25–50%, for example. When parts of the course content are 
examined continuously, it is important to include some main issues from these parts also in 
the final examination so that students get a holistic view. 
Whatever type of assessment is used, the teacher must give feedback to students on their 
progress in studies, and on what would have been a correct approach or answer to an 
examination task or question, as well as how a written report could be improved etc. 
Remember that criticism should always be constructive and strive to give praise as well. 
Students learn from their mistakes and a student who fails in an examination should be given 
another chance within a reasonable time. 
6.3 Using a detailed grading system has advantages and disadvantages 
The systems for grading examination results vary. Some universities/colleges apply only pass 
or fail; some use also passes with distinction, while others do the grading on a more detailed 
scale. Having a detailed grading system has advantages, as well as disadvantages. Students 
feel that they get credits for good results and it might help them to get a job. However, a 
detailed grading might make teachers use examination methods and questions that are easy to 
grade, i.e. written exams with questions on facts and details, which, as discussed earlier, can 
have a negative impact on student learning and the fulfilment of the objectives of higher 
education. Detailed grading might also increase competition between students, make them 
less willing to co-operate with each other, and possibly promote cheating. When detailed 
grading is practised more than one grader should be used for each examination.  
6.4 Minimise cheating 
Cheating can sometimes be a problem in written examinations and other written tasks. To 
avoid cheating totally is difficult, but the risk for it to happen can be reduced. Close watching 
of students during examinations and not letting them bring anything except allowed materials 
in examination rooms are common practices. In addition, students can be seated randomly in 
the room; one way to do this is to label the seats to be used in consecutive order, and also 
write these numbers in a list, but now in random order. When the students enter the room, 
they write their name on the list, starting from the top line, and go to the seat assigned through 
the list. This prevents students from choosing where they want to sit and next to whom, and 
the teacher decides exactly which seats are to be used. The teacher will know (from the 
consecutive numbers) which students’ have been sitting next to each other, and can check for 
similarities in answers in case cheating is suspected.  
The risk for cheating is smaller when essay type questions are used in written examinations. It 
might happen, though,  that a student claims to have been given too little credit for an answer. 
When feasible, it can be wise to keep a photocopy of the students’ answers, at least for those 
who failed the examination; it can then be checked if anything has been added afterwards. 
Other forms of cheating, such as copying text from other sources in report and thesis writing 
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etc. can be difficult to spot, and information easily available in the Internet increases the 
problem. One way to reduce this type of cheating is to make sure that students truly 
understand the seriousness of infringing copyrights. Also, one should not forget the value of 
oral examination in checking a student’s “own” knowledge in all types of assessment.  
Making good examinations is a challenging task, and teachers in higher education should take 
the opportunity to get ideas from each other. The system with external examiners that is used 
in many universities may contribute to such exchange, in addition to having an impact on the 
quality of examination. 
7 Supervision of post-graduate students   
In successful post-graduate training the aim should be to prepare the students for careers in 
basic and applied research and extension, for teaching and administrative duties at 
universities/research institutes, and for careers in the business world, as well as in the public 
sector. This is valid for PhD training, and to a large extent also for MSc training. To widen 
job opportunities, students need training not only in their own specific research area; they also 
need training to obtain a broad base of general competence and skills (Figure 9).  
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To achieve the required knowledge and skills in a limited time, every PhD/MSc project needs 
to have a clearly defined research task, as well as a time plan and a plan for the financing of 
the studies. An [individual study plan] is a valuable tool for the research project. Such a plan 
should be prepared by the student together with the supervisor(s) and, where appropriate, with 
the student’s employer. It is essential to discuss the respective expectations and roles, and that 
all parties involved agree on the content and time schedule. The study plan should be revised 
regularly, e.g. on a quarterly or at least a yearly basis.  
Quite often, MSc and PhD students do their research work at national or international 
research institutes, away from the university where they are registered. It is then essential that 
the university supervisor visits them regularly and that the work is jointly discussed with the 
host institute supervisor and the student. Being the university supervisor you will then better 
understand what your student is doing and why he or she maybe cannot do everything that 
Figure 9. What a PhD student should attain. 
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you considered important. It may also help the supervisor contribute to, and  maybe come to 
the defence of the student in the final research project examination. 
To obtain the maximum benefit from supervisory meetings with your research students, the 
meetings need to be well planned and structured. Each tutorial requires that you are actively 
listening, questioning, responding, explaining, providing feedback, and summarising. It is 
often a good idea to ask the student to write minutes of every meeting. Furthermore, the 
students should make regular written reports on their work. Such reporting benefits both 
supervisors and students; it sets out progress, identifies problems and forms a basis for work 
plans for the next period. Students should also be required to present regular seminars. 
Research supervision is a complex form of teaching. The academic experiences and skills, 
both of the supervisor and of the students, are the major factors affecting the research training. 
For supervising research students, however, it is not enough to be an effective researcher. You 
also need to be an effective supervisor. As a supervisor, you can adopt a range of possible 
roles, e.g. director, facilitator, advisor, criticiser, supporter, friend and examiner. The roles 
you take have implications for the roles of the research student and should be influenced by 
the needs of each student; for example, if you act like a guru, your student will act like a 
disciple, whereas acting like a guide and friend will make the student an explorer. As in all 
teaching, a safe learning climate is very important in the supervisory process. Research 
students usually characterise the "ideal" supervisor as being knowledgeable, available, helpful 
and stimulating.  
8 Evaluation of courses, teaching and the education programme 
Higher education needs to be under continuous revision and improvement not only to satisfy 
the needs of a changing society, but also to attract students. Regular evaluation of study 
programmes, the individual courses and the teaching is therefore crucial. Evaluation can be 
done in different ways, e.g. by students, former students, employers, experts from other 
universities, as well as through self-assessment by the education institution itself.  
8.1 Student course evaluations 
Students are the ‘consumers’ of higher education and are thus in a good position to tell if the 
teaching is good or not. The aim of teaching is to promote effective student learning, and 
students usually give positive evaluation if they have learnt from the course, and the teaching 
has facilitated their learning. 
Student course evaluations should be done in every course included in the education 
programme, always at the end of the course, but preferably also as a mid-course evaluation, 
giving students the possibility to have an impact on the course they are taking. It is important 
that the issue of course evaluation is discussed with course faculty, departmental head and 
students so that everyone understands and agrees upon the purpose, process and outcomes–
otherwise such evaluations might be seen as a threat.   
Course evaluation can be done through questionnaires to be filled by each student (or by 
groups of students), and it can be done through oral discussions. Course evaluation 
questionnaires often focus on assessment of an individual teacher as a basis for decisions 
about promotion and salary increases. Such evaluation might be needed, but should not be the 
main purpose of student course evaluations; these should, first of all, aim at improving the 
courses and the teaching! The students’ ratings and comments will help to identify what could 
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be changed in a course, e.g. in content, methods for teaching and examination, teaching 
materials, as well as in course organisation and administration.  
The issue whether written course evaluations should be anonymous or not is important, and 
the answer is  both yes and no. By making them anonymously, students feel at less risk of 
being “punished” if they are critical. However, if these evaluations will influence a teacher’s 
possibility for promotion or salary increase, it seems fair that the forms are signed by the 
students; but that requires that someone not involved in assessing and grading the students 
administers and transcribes the course evaluations. An option could be to let students do 
evaluation in groups; the extremes are then usually balanced out. 
Some questions in a course evaluation questionnaire could be Rating scale   
the following (leave space for comments under each question): ranging between: 
§ What is your overall impression of the course? (very bad – very good) 
§ Do you find the course objectives relevant and meaningful? (not at all – fully) 
§ Were the objectives of the course fulfilled?          (not at all – fully) 
§ Questions specific to various parts of the course. (very bad – very good) 
§ What do you think of the teaching methods used  (very bad – very good) 
§ How were connections between theory and application?  (very bad – very good) 
§ Opportunities to reflect upon and process the topics? (very bad – very good) 
§ What do you think of the examination?  (very bad – very good) 
§ Did you do your best to learn from the course?  (not at all – very much) 
§ How was the workload in relation to the course credits? (too low –  too heavy) 
§ How was the course organisation? (very bad – very good) 
§ What do you think of the course literature? (very bad – very good) 
§ How do you feel that your understanding of the subject:  
  - was before the course? (very bad – very good) 
  - is now, after the course? (very bad – very good) 
§ What was the best with the course?  (comments only) 
§ What would be the most important improvements to make? (comments only) 
The rating scale might, for example, range from 1–5 or from 1–9. Choosing the latter scale 
means that one can easily group the ratings into three groups if desired (1–3, 4–6, 7–9) when 
data are compiled. It is important that students are told also to comment upon what was good 
or bad, and why, as well as how it could have been done better. 
Evaluation results should be compiled. Excel, for example, can be programmed to [summarise 
ratings], while comments are usually summarised manually. The results should be distributed 
to the teachers involved in the course and to the departmental chair/director of studies. Nasty 
comments about an individual teacher might be better to give just to the person concerned, and 
possibly also to the department head /director of studies. Most people getting an unfavourable 
evaluation will not become better teachers if this is not handled with care; it might rather have 
a negative impact on their teaching. One should also keep in mind that there is no reason to 
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worry too much about negative evaluation results unless they are repeated in several years. 
Students should also be notified of the importance of giving constructive criticism. 
Student course evaluation results should not only be compiled but also be interpreted. One 
should analyse why students reacted negatively on specific parts, and discuss whether and 
what, actions are required. It can be useful to write a [course report] (1–2 pages) giving some 
background information about the course, plus summarising the students’ evaluations and the 
teachers’ experiences of the course, as well as providing suggestions for improvements. The 
report can be distributed to students, to teachers, to department head/director of studies, and to 
the teaching committee for the education programme (if there is such a committee). The 
report will be useful when planning the next year’s course, and it also demonstrates to 
students that their evaluations are considered. Teachers could also do a self-evaluation of their 
teaching and compare that with the results from the student evaluations. 
8.2 Evaluation of the education programme    
It is important to evaluate not only individual courses, but also the education programme as a 
whole.  This is necessary in order to see that the education objectives are fulfilled, that the 
individual parts fit together, that important parts are not missing and that the programme is in 
phase with changing demands in society, nationally and internationally. Programme 
evaluation can be done at different levels: by students, former students, teachers and 
employers, by peer-reviews and at ministry or other authority levels. The individual university 
teachers are usually involved in parts of this evaluation, and should also actively consider the 
results.  
8.2.1 Continuous evaluation by graduating students 
Evaluation of the education programme can be done continuously through the students 
completing their BSc or MSc degree, for example. Such an evaluation might contain a large 
number of questions to be graded and commented on by students, who can also be asked to 
give suggestions on how the study programme can be further improved. The only cost for 
such evaluation will be the labour required to [summarise ratings] and comments regularly.  
Some issues to include in student evaluation of education programmes could be: 
· fulfilment of the objectives of the education programme   
(plus questions on specific parts of the objectives) 
· length of the education programme in relation to the content 
· teachers’ commitment, subject knowledge and teaching skills 
· compulsory courses and possibilities to elect courses 
· co-ordination between courses (in content, in schedule etc) 
· demands in relation to credits assigned 
· thesis work and supervision 
· internships and professional insights 
· internationalisation 
· multi-disciplinary approaches 
· study counselling 
· facilities and social environment 
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· tools for life- long learning 
· overall impression of the education programme 
· the best aspects of the programme 
· suggestions for improvements. 
It could also be worthwhile to do follow-up evaluations of the study programme, i.e. 
evaluations by former students who have been working for 1 or 2 years after completing their 
degree. They are then in a good position to tell what knowledge and skills gained through 
their education were the most useful in their jobs, and also what they have been lacking.  
8.2.2 Periodic evaluations 
In addition to continuous evaluations by students, more thorough evaluation of an education 
programme is needed at regular intervals, e.g. every 5–10 years. The decision to do such 
evaluation is often taken at ministry level, and it might include a self-evaluation performed by 
the education institution (involving both students, teachers and employers), as well as national 
and international peer-reviews. Important areas to cover might include the following: 
· Background information, e.g. i) objectives, formal contents and organisation of the 
education programme, ii) numbers of student applicants per seat and their age, sex, social 
and ethnic background, as well as fulfilment of prerequisites, iii) access of teachers, their 
qualifications and possibilities/incentives for developing those, iv) facilities and financing. 
· Implementation of the education programme: such as i) contents and their academic and 
professional quality, ii) teaching methods, iii) examination methods, iv) links with 
research, v) national and international co-operation with other academic institutions and 
with industry, vi) physical and social working environment as experienced by students and 
teachers and vii) study counselling, viii) student influence, responsibility and systems for 
student evaluations. 
· Results, e.g. i) fulfilment of objectives, ii) examination results, iii) results from students’ 
evaluations, iv) percent students completing the degree in the time allocated, v) 
internationalisation achieved, vi) percent students getting a relevant job, vii) employer 
satisfaction and viii) tools for life- long learning. 
An evaluation of the education programme can preferably include analysis of strengths, 
weaknesses, opportunities and threats (SWOT). It is also important to discuss the relevance of 
the education objectives and the tools to reach them, as well as the efforts for continuous 
quality improvement of the education programme. The evaluation should give suggestions for 
improvements. It is essential, though, that these suggestions are discussed with faculty, 
students and stakeholders before the final evaluation document is produced. 
9 How to promote teaching skills and educational development 
Effective higher education is crucial for development in a country. All university/college 
teachers/scientists are, however, not automatically skilled in teaching or active in educational 
development, especially if efforts in research do not give more credits. Educational efforts and 
skills need to be stimulated, both through requirements and through incentives. This can, for 
example, be achieved if governments and higher education institutions: 
· Give opportunities and set requirements for educational training of university/college 
teachers. Training in teaching methodologies and research supervision for 8–10 weeks can 
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have a very favourable effect; this training might include topics such as the learning 
process, teaching methods, tutoring, computer assisted learning, distance education, 
examination methods, course evaluation, research supervision etc. The training can be a 
requirement for employment and promotion. It might be beneficial for the institution to 
have its own educational unit to provide this training. 
· Set aside money to fund research related to the teaching and learning process in a specific 
subject area (e.g. animal breeding) to be performed and published by the university/college 
teachers. Money from the fund could also be used to test new teaching methods and related 
activities.  
· Stimulate activities where teachers from the same or different departments come together 
periodically to discuss specific educational topics. 
· Establish a distinguished award for educational skills. 
· Provide the physical facilities needed for efficient teaching. 
· Value and give credits to teachers showing educational skills, i.e. let this give merits for 
promotion and salary increases, just like research efforts do.  
9.1 Document your educational efforts and skills 
Being a university/college teacher, you need to document your educational efforts and skills. 
This can be done in a teaching dossier, often called Teaching Portfolio. Keeping records 
continuously of your educational achievements is not only useful for promotion and salary 
discussions, or when applying for a new position, it also helps you to reflect upon and to 
improve your teaching. The portfolio should contain information both on your teaching 
activities and their effectiveness. For detailed information on what to include in a teaching 
portfolio, explore the website [DeLiberations].  
In brief, a teaching portfolio might for examples include:  
o your philosophy, objectives and strategies in teaching/learning and educational 
development  
o own education (if any) in this area  
o past and present teaching activities (extent, academic level, teaching and examination 
methods used etc.) 
o contribution in developing curricula, courses and teaching or examination or evaluation 
methods, and in fulfilling the education objectives 
o your efforts in linking education to research and to professional life, as well as your 
contribution to internationalisation of education 
o research supervision 
o teaching materials you have produced (and reviews/evaluation of those if available) 
o experiences in education planning and administration, and participation in teaching 
committees etc. 
o study counselling and contribution to the students’ learning climate 
o participation in research/projects on the teaching and learning process 
o results from student course/teache r evaluations 
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o statements from others about your contribution to education and your skills as a teacher 
and supervisor (e.g. from colleagues, department chair, educational experts, alumni) 
o educational awards, honours, grants, stipends etc. that you have received 
o national and international invitations to present a report on teaching and learning. 
A teaching portfolio should not be too long; a length of maximum 8–10 pages is sometimes 
recommended (remember to include a content list). Some appendix materials might be 
attached, but don’t overload the portfolio.  
10 Communicating science 
The section, that is yet to be written, will include the following:  
· Reference to the book “Writing and Presenting Scientific Papers” by Malmfors et al. 
(2003). 
· Importance of communicating science, and to include training in communication skills in 
higher education programmes. 
· Examples of what should be emphasised to students and how training can be incorporated 
in the curriculum as regards: 
- Scientific writing + Popular science writing+ Copy right 
- Oral presentation and visual displays 
- Poster presentation 
· A [Power Point Guide] is included in the Animal Genetics Training Resource (CD-ROM) 
11 Writing a research proposal 
A research proposal is written with the purpose of convincing a sponsor or 
donor that you have come up with an interesting idea, and that it is 
worthwhile to finance your research project. You thus need to make a real 
effort in making a good research proposal and to clearly convey the 
message why the research is important. A research grant proposal should 
be accurate, brief and clear; it should tell why the planned research is 
needed, and it should give evidence that you and your possible 
collaborators have the competence to do the job. Your proposal should 
also match the purpose and goals of the funding organisation.  
Most granting sponsors have guidelines telling what should be included in a research proposal, 
as well as formal requirements such as maximum number of pages with a specified font size, 
line spacing, number of copies to be submitted etc. Make sure to follow these guidelines in 
every detail! You will not be happy if your project is not even considered for further 
evaluation because some formalities were not fulfilled in your application.  
Your research proposal will usually be reviewed and graded by a number of referees, where 
some of the people might be specialists in your particular research area, but several of them 
may not be very familiar with the area. This further emphasises the need for your application 
to be accurate, brief and clear and emphasise essentials. You cannot expect the graders to 
realise that your project is important unless you manage to convince them that it is!  
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11.1 Essential components of a research proposal  
Writing a research proposal is partly similar to writing a scientific paper; you need to tell what 
the problem are, the objectives, what is known and what is not known about the problem, as 
well as give your research plan. Instead of presenting results, you describe the expected 
outcomes. You also give a time plan with short milestones and present a budget for the 
project. Your (and your collaborators’) qualifications are verified in a “Curriculum Vitae”. 
Make sure you make a structured and logical proposal with suitable headings and an appealing 
layout.  
When writing a research proposal, it is also wise to check the criteria that will be used for 
grading the applications. Such criteria might be relevance, scientific quality, qualifications of 
applicant(s), research collaboration, plan for dissemination of results, and budget in relation to 
project plan and funds available.  
Some essentials to include in a research proposal are summarised in the box and briefly 
discussed below. For more detailed information on writing a proposal see e.g. a handbook by 
Read (2000) available in the Internet (for web-address, see [Section 14.1 of this module])  
Abstract (or Summary). The abstract is very 
important; it is the part that is usually read the most, 
and it gives reviewers a first impression of your 
research proposal. The allowed length is often stated 
in the sponsor guidelines. The abstract should 
summarise the key information of your proposal; it 
should tell what problem you wish to address, and 
also give the objectives, the significance and the 
potential contribution of your proposed research, and 
a very brief description of the methods to be used. 
The abstract might also include a few words on your 
and your organisation’s ability to carry out the 
research, as well as the resource needs of the project. 
Justification, background, objectives and expected output.  Define the problem and emphasise 
the importance and relevance of your proposed research project, and tell what is unique in 
your approach. Present a brief literature review (and a coherent Reference list) to show what is 
done already, and also identify information gaps. The objectives might be split into major and 
specific objectives, and also be put in a broad framework. Specify the expected outcomes and 
possible applications of your research. 
Research plan (including equipment), time schedule and milestones. Describe the research 
methods and materials to be used, including methods to analyse the materials or data collected 
(e.g. laboratory or statistical analyses). State the facilities and equipment needed, which of 
these your organisation can provide, and what requires funding within the research proposal. 
Describe the research methods so that the scientific quality of the proposal can be evaluated, 
but avoid describing the methods in too much detail. Relate the experiment/study to the 
objectives. Present a time schedule for the activities to be performed and milestones to be 
achieved, e.g. as a time-delivery flow chart of achievements and outputs. Note that an ethical 
approval might be needed for animal experiments. 
Dissemination of results. Scientific results must be communicated to relevant audiences. 
Obviously, scientists aim for publication in scientific journals, and at international and 
national conferences. In applied areas of research it is as important that the results are also, but 
Essentials of a research proposal
¨ Abstract
¨ Justification & background
¨ Objectives & expected outcomes
¨ Research plan
¨ Time schedule and milestones 
¨ Dissemination of results
¨ Budget
¨ Collaborating institutions
¨ References
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not only, communicated to the industry and various authorities outside the scientific 
community. Such publications must be kept in a popularised form. Many funding 
organisations require a good plan for publication and information of results to approve an 
application. 
Budget. Many sponsors provide a specific budget format that you must follow, but there might 
be the possibility to add more details elsewhere. The budget should be credible and realistic, 
and clearly reflect your research plan. Some items might need specific justification. Indicate 
whether your organisation, or maybe other donors, will cover part of the research costs. If that 
will be the case, your chances for a research grant might be improved; cost-sharing/matching 
funds are sometimes a precondition. 
Collaborating institutions. Performing the research in collaboration with other institutions 
might strengthen your proposal, and also indicate a multi-disciplinary approach. Across-
country collaboration is sometimes a requirement. Costs for the collaborating institutions may 
need to be considered in the budget. Evidence of collaboration, i.e. letters of support from 
collaborating institutions, should be included as an appendix.  
Curriculum Vitae (CV). It is common to add a CV as an appendix to the research proposal. 
Alternatively, if kept short, it may be incorporated at the end of the application. The main 
purpose of the CV is to provide the reviewers with such information that they can form an 
opinion whether the applicant(s) have the competence required to carry out the research 
described in a proposal. The qualifications and abilities of the principal investigator(s) are 
most important to describe, although CVs may also be required for the collaborating scientists. 
A CV must be kept brief and clear; include essentials of relevance for the application! 
Organise the information into categories, such as personal facts, academic education, relevant 
positions, main research topics, relevant publications, awards or honours received and other 
skills or experiences that might be of relevance for carrying out the research project. Scientists 
sometimes overdo the CV and harm themselves by writing a longer CV than the research 
proposal itself!  
A CV is also required in many other situations, e.g. in applications for academic positions. 
The focus on research, teaching and administration or leadership merits may vary depending 
on the type of position and the tasks to be performed. Instructions and examples for writing a 
CV and related letters are easily found on the Internet. 
Before delivering a research proposal, also let someone who is not in your area of discipline 
read it and give you her/his comments. And, remember to make a final check that all 
requirements set by the sponsor organisation are fulfilled (including signatures required)! 
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14 Websites  
The listing includes examples of websites useful in teaching animal breeding and in research 
projects. The websites are all referred to in the text, and were accessed on July 2003. 
Many of the websites in the list are also described in the resource Web-Links in the Animal 
Genetics Training Resource (CD-ROM). 
14.1 Websites to databases, software, literature, teaching and communication 
Anubis – Map Selector (animal genome maps). Roslin Institute, UK   
http://www.thearkdb.org/anubis 
ArkDB – Animal Genome Database. Roslin Institute, UK  
http://www.thearkdb.org/ 
Breeds of Livestock. Breeds database at Oklahoma State University.   
http://www.ansi.okstate.edu/breeds 
CBE – Crossbreeding Effects (by Wolf, J.). Software downloaded free at:   
http://www.boku.ac.at/nuwi/software/softcbe.htm 
DAD-IS (Domestic Animal Diversity Information System). FAO. http://www.fao.org/dad-is 
DeLiberations 2000. Teaching Portfolios. Links to websites on what to include in a teaching portfolio.  
http://www.lgu.ac.uk/deliberations/portfolios/ 
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DFREML (by Mayer, K.). Software downloaded free at:  
http://agbu.une.edu.au/~kmeyer/homepage.html 
Effective Presentations (by Radel, J.). University of Kansas Medical Center. On-line tutorial series. 
http://www.kumc.edu/SAH/OTEd/jradel/effective.html 
FAO (Food and Agriculture Organisation).  http://www.fao.org 
GENET. La partie commune de GENET. Les modules en ligne (Animal Breeding course notes in 
French). Downloaded free for printing at:   
http://www.univ-tours.fr/GENET/genet01.htm 
GENUP (by Kinghorn, B., 1995).  Computer aided learning for quantitative genetics. Univ. of New 
England, Dept of Animal Science, Armidale, New South Wales, Australia. Software downloaded 
free at: http://www-personal.une.edu.au/~bkinghor/genup.htm 
ILRI  (International Livestock Research Institute).  http://www.cgiar.org/ilri 
Informatics – Mouse Genome Informatics. The Jackson Laboratory. http://www.informatics.jax.org 
Kelly, MJ. 2001. Challenging the Challenger: understanding and expanding the response of 
universities in Africa to HIV/AIDS. University of Zambia.  
http://www.adeanet.org/publications/wghe/Univ_AIDS_rept_en.html 
LEAD (Livestock Environment and Development).  http://www.fao.org/lead 
Microsoft Clip-art Gallery (clip-art that can be downloaded by licensed Microsoft users  
http://dgl.microsoft.com 
OCOA  (Online Cytogenetics of Animals).  http://www.angis.org.au/Databases/BIRX/ocoa 
OMIA  (Online Mendelian Inheritance in Animals). Database compiled by Nicholas, F.W., Brown, 
S.C. and Le Tissier, P.R. Univ. of Sydney, Dept of Animal Science, Australia. Location: 
http://www.angis.org.au/Databases/BIRX/omia 
OMIM  (Online Mendelian Inheritance in Man). National Center for Biotechnology Information.  
http://www3.ncbi.nlm.nih.gov/Omim/searchomim.html 
Online Writing Lab. Purdue University, USA. http://owl.english.purdue.edu 
PEST  (used for prediction of breeding values). Contact Eildert Groeneveld, e-mail: eg@tzv.fal.de 
PEDIGREE VIEWER (by Kinghorn, B. and Kinghorn, S.). Downloaded free at:  
http://www-personal.une.edu.au/~bkinghor/pedigree.htm 
R  (Statistical package). Software downloaded free at:   http://cran.r-project.org 
Read, P. 2000. Handbook for preparing and writing research proposals. International Union of 
Forestry Research Organizations: Special Programme for Developing Countries: Vienna. 160 pp.  
Available in pdf-format at:  http://iufro.boku.ac.at/ 
Roden, J., Andersson-Eklund, L., Strandberg, E. and Garnsworthy, P. 2001. Animal Breeding: an 
introductory tutorial. Version 2.1. MERTaLTM Courseware, (General Ed. S.B. Heath). Univ.of 
Aberdeen, UK  (purchased from MERTaLTM Courseware, e-mail: clues@aberdeen.ac.uk, fax: 
+44 1224 273752). http://www.clues.abdn.ac.uk:8080/mert_idx.html  
SIMUL8 – Population Genetics Simulations. (by Felsenstein et al., 1990) Dept of Genetics, Univ. of 
Washington, USA.  Software downloaded free at:   
ftp://evolution.genetics.washington.edu/pub/popgen/simul8.html 
VCE   (by E. Groeneveld). Used for variance component estimation.  Software downloaded free at: 
http://www.tzv.fal.de/~eg/ 
World Bank. 2000. Higher Education in Developing Countries: Peril and Promise. Task Force Report 
http://www.tfhe.net    
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14.2 Websites for literature search (Bibliographic databases free of charge) 
AGRICOLA. (AGRICultural OnLine Access). Bibliographic database of citations to the agricultural 
literature created by the National Agricultural Library and its cooperators.   
http://www.nal.usda.gov/ag98/ag98.html     
AGRIS. International information system for the agricultural sciences and technology. Created by 
FAO in 1974. 
http://www.fao.org/agris/ 
Ingenta.  Free literature searching of academic and professional journals. Summaries often provided.  
http://www.ingenta.com    
14.3 Websites to search engines (examples) 
http://ixquick.com    (combines several search engines) 
www.hotbot.lycos.com ,   www.infoseek.go.com ,   www.altavista.com ,  
www.google.com ,   www.yahoo.com 
14.4 Websites containing useful links 
Universities Worldwide.  Links to home pages of universities all over the world.   
http://geowww.uibk.ac.at/univ/world.html   
Quantitative Genetics Resources (Listing of websites to literature, class notes, software etc. Compiled 
by Lynch, M. and Walsh, B.)  http://nitro.biosci.arizona.edu/zbook/book.html   
Links to software in animal breeding: 
Utah State University - Mathematics and Statistics. http://www.math.usu.edu/ ~vukasino/ANSCI/ 
soft_anbr.htm   
Wageningen University, Dept of Animal Sciences.   
http://www.zod.wau.nl/vf/index.html  
The “Universities Worldwide” website (se above) can also be used to explore useful links etc 
provided at other universities. 
